The microwave spectrum of 4-methylisoxazole has been investigated in the frequency range from 8 to 40 GHz, employing both Stark and Fourier transform spectroscopy. We present the results from a l4 N quadrupole hyperfine structure, a fourth-order centrifugal distortion and an IAM methyl internal rotation analysis. The components of the electric dipole moment with respect to the principal axes of inertia have been obtained from the Stark splittings of some rotational lines.
Introduction
Some years ago the five-membered heterocyclic ring compounds oxazole and isoxazole have been studied in great detail by microwave spectroscopy, in particular to obtain information on the 14 N nuclear quadrupole coupling tensor [1, 2] . More recently these studies were extended to the three isomeric monomethyl derivatives of oxazole [3] and the monomethyl derivatives of isoxazole at the 3-and 5-position of the heterocyclic ring [4] . The objective of these investigations was mainly to examine the influence of methyl substitution on the 14 N nuclear quadrupole coupling tensor and on the barrier height of the potential hindering methyl internal rotation. The same questioning was motivating for the present work on 4-methylisoxazole, which completes these earlier studies.
Experimental
The rotational spectrum of 4-methylisoxazole was first investigated and assigned at Bangor, using a conventional 100 kHz Stark effect modulated spec-* Present address: Computer Department, The Polytechnic, Huddersfield HDI 3DH, U.K.
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trometer in the frequency range from about 16 to 40 GHz at sample pressures down to a few mTorr and at ambient temperatures. Though the rotational lines were sufficiently split due to methyl internal rotation for many transitions, the l4 N nuclear quadrupole hyperfine structure (hfs) was not well resolved in these studies. Therefore the measurements were resumed at Kiel, taking advantage of the improvements in both resolution and sensitivity by the Fourier transform technique in microwave spectroscopy. Microwave Fourier transform (MWFT) spectrometers in X- [5] , Ku- [6] and K-band [7] , i. e. from 8 to 26 GHz, were used for the measurements at sample pressures below 1 mTorr and at temperatures of about -70 °C. The Fine and hyperfine structure analyses reported here are based on these recordings by MWFT-spectroscopy.
The electric dipole moment was determined from the Stark splittings of rotational lines in V-band, i. e. from 26 to 40 GHz, at Kiel, using a conventional Stark spectrometer with 100 kHz modulation frequency. The sample was prepared in the Institut für Organische Chemie der Universität Kiel and used without further purification.
Analysis
The analysis of the spectrum was carried out in an approximate way considering the perturbations 0932-0784 / 87 / 0500-519 $ 01.30/0. -Please order a reprint rather than making your own copy. from ,4 N nuclear quadrupole coupling, centrifugal distortion and methyl internal rotation as independent contributions to the rigid rotor hamiltonian. In accord with these assumptions the A-and E-species components of the torsional doublet of a rotational line do not exhibit significantly different 14 N-hfs patterns. Therefore the 14 N-hfs analysis was carried out only for the A-lines, using a first order perturbation treatment of nuclear quadrupole coupling to yield the coupling constants x+ = Xbb + Xcc and = Xbb ~ Xcc [8] . In the next step of the analysis these coupling constants were used to calculate the splittings relative to a single rigid rotor line and to correct the experimental hfs components with these splittings. With the arithmetic mean value of the resultant frequencies, hypothetical unsplit lines v° were obtained and used as a basis for the centrifugal distortion and internal rotation analyses. The centrifugal distortion analysis was based on the Hamiltonian according to Watson's S-reduction [9] and was carried out only for the A-species lines because of their pseudo-rigid rotor behaviour. As result of a least squares analysis of all transitions, measured in Bangor and Kiel, the rotational constants A, B and C and the Five fourth-order centrifugal parameters DJ' DJK' D K , D\ and D 2 were obtained.
The internal rotation IAM analysis was based on the splittings v^ -vj= of the hypothetical unsplit Aand E-lines and was performed with a program written by Woods [10, 11] modified in Kiel*. As result of a least squares analysis all internal rotation parameters, i.e. the Fourier coefficient w, (s) and therewith the reduced barrier height s, the angle between the principal inertia axis a and the internal rotation axis i < (a, /'), and the moment of inertia of the methyl group / a could be determined. 
Results and Discussion
A total of 71 a-and /Mype rotational transitions up to a maximum /-value of 39 have been observed and used for the present analysis. The frequencies of narrowly split lines were obtained by comparing experimental with simulated lineshapes. Some low /-lines are listed in Table 1 In order to demonstrate the resolution and the signal to noise ratio as achieved by MWFT spectroscopy the recording of the transition /(AL, K+) = 3(0, 3) -2(0, 2) is shown in Fig. 1 The results for the quadrupole coupling constants X gg (g = a, b, c) from the l4 N-hfs analysis of 43 Alines are given in Table 2 . No value for the offdiagonal tensor element x a b could be evaluated from our data and hence the principal components of the /-tensor could not be determined. However, comparing the fitted coupling constants with its estimates, initially calculated to facilitate the assignment of lines, indicates that the position of principal axes of the coupling tensor with respect to the isoxazole ring is not much changed upon methyl substitution. These estimates were obtained as x aa = -5.10 MHz, Xbb = 5-02 MHz, / cc = 0.08 MHz and Xab = ~ 1.82 MHz, using the principal components of the /-tensor and its orientation in isoxazole [12] and assuming the restructure of isoxazole [13] together with a plausible methyl structure (C-Cdistance = 1.52 A; C-H-distance = 1.10 A; C-C-Hangle = tetrahedral angle; C-C-CH 3 -angle = C-C-H-angle in isoxazole) for determination of the angle £ (x, a) between the principal coupling tensor .x-axis and the principal inertial a-axis of 4-methyl-isoxazole (see Figure 2) .
The results from the centrifugal distortion analysis including the A-lines up to J = 27 are given in Table 3 and were used to predict line center frequencies of transitions involving higher J quantum numbers.
The rotational constant A and the centrifugal distortion constant D K are less accurately determined since only a few £-type lines which contain more information about these constants could be measured because of their low intensity. To obtain the fit parameters of the IAM methyl internal rotation analysis given in Table 4 , only the A-E splittings of a-type lines up to 7=19 were taken into account. Inclusion of A-E splittings of b-type lines and/or lines with higher J quantum numbers made the fit considerably worse, most probably because of approximations made in the Fig. 2 . Alignment of the principal inertia axes a and b, the dipole moment vector and the 14 N nuclear quadrupole coupling tensor in 4-methylisoxazole. principal inertia axes under the mentioned assumptions; nuclear quadrupole coupling tensor axes; most probable alignment of the dipole moment vector. IAM-method [13] , but without changing the results within its standard deviations. The limitations of the present analysis are also indicated by the rather small value of 3.091 amuA 2 for 7 a (e.g. see [4] ) and the magnitude of the angle {a, i) which can only be made consistent with the molecular structure under the assumption of an improbable C-C-CH 3 -angle.
Finally, the results from the Stark effect analysis are given in Table 5 respectively. The most probable alignment of the total dipole moment p is shown in Figure 2 .
